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(54) CnOCOB nOJlYHEHMfl <PTOPA 

(57) 

H3o6peTeHne othochtch k TexHonornn 
nonyneHUfl cpropa, a 6o/iee kohkp©tho k 
pacnnaBaM Kucnbix $topuaob Kannfl, KOTopbie 
npnMeHflK)TC5i b cpeAHereMnepaTypHOM 
cnocoSe 3neKTpo/iM3a <j>Topa. <t>Top nonyMaioT 
nyTeM 3neKTponn3a Ha yro/ibHOM aHOAe m 
pacn/iasa Tpm4)TopnAa Kan ha. 3/ieKTponn3 
BeAyT c nnoTHocTbio TOKa Ha aHOAe 0,4 



A/cm 2 npM coA©p>KaHMH <£TopncToro BOAopoAa 
b aneiapo^MTe 39,2-40,4 Bec.% u TeiwnepaType 
3JieKTporiMTa 106-1 12°C. TexHUMecKHfi scfxfeKT: 
peujaeTCfl 3aAaMa onTMiwanbHoro coAepacaHMH b 
sneKTponnTe cf)TopncToro BOAopoAa npn 
cooTBercTByfoine^ reMnepaType, mto 
o6ecneMHBaeT Han6onbiijyK) MOHHyto 
npOBOAHMOCTb m yiwieHbUJaeT una ncKntoMaeT 
3neKTpoHHyio npoBOAMMOCTb pacnnaBa. 4 Ta6n. 



CD 
00 
CD 
O 

ro 



O 
ro 



-1- 




W RU (1.) 



2 198 962 ( 3) C2 

C 25 B 1/24 



(51) Int. CI. 7 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 



< 12 > ABSTRACT OF INVENTION 



(21), (22) Application: 2000131800/12, 18.12.2000 

(24) Effective date for property rights: 18.12.2000 

(46) Date of publication: 20.02.2003 

(98) Mail address: 

665804, Irkutskaja obi., g. Angarsk, AEhKhK, 
Glavnomu inzheneru M.V.Sapozhnikovu 



(71) Applicant: 

GUP "Angarskij ehlektroliznyj khimicheskij 
kombinat" 

(72) Inventor: Zusajlov Ju.N. 

(73) Proprietor: 

GUP "Angarskij ehlektroliznyj khimicheskij 
kombinat - 



O 

CM 
tD 
CD 
00 
<J> 



(54) FLUORINE GENERATION TECHNOLOGY 

(57) Abstract: 

FIELD: production of fluorine. SUBSTANCE: 
invention refers, in particular, to winning 
of melts of acidic calcium fluoride utilized 
in average temperature method of fluorine 
electrolysis. Fluorine is generated by 
electrolysis across carbon anode from melt 
of potassium trifluoride. Electrolysis is 
conducted with current density across anode 
0.4 A/sq cm with content of hydrogen 
fluoride in electrolyte amounting to 



39.2-40.4 per cent by weight and electrolyte 
temperature of 106-112 C. Technical effect 
lies in solving of problem of maintaining of 
optimum content of hydrogen fluoride in 
electrolyte at corresponding temperature 
which ensures maximum ionic conductivity and 
decreases or excludes electron conductivity 
of melt. EFFECT: provision for maximum ionic 
conductivity and decrease or exclusion of 
electron conductivity of melt. 4 tbl 
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M3o6peTeH^e othochtca k TexHonornn 
nonyneHMn cfrropa, a 6onee KOHKpeTHO k 
pacnnaBaM Kuc/ibix cfrropHAOB KanMn, KOTopue 
npuMeHfliorcn b cpeAHeTeMnepaTypnoM 
cnoco6e 3neKTponw3a cfcTopa. 

M3BecTeH cpeflHeTeivinepaTypHbiM cnoco6 
nonyMeHMfl cfrropa, b kotopom b KaMecTBe 
sneKTponnTa Mcnonb3yK>Tcn pacnnaBbi KMcnbix 
cf)TopnAOB KanMn, 6nn3Kne no cocTaBy 
Tpn<t)TopnAy KanMn KF #2HF. B pacnnaBe 
Tpnc|)TopMAa KanMn npMcyTCTByiOT mohw KanMn, 
BOAopoAa, QbTopa n hoh HF2'. B npoijecce 
3neKTpojin3a Ha yronbHOM aHOAe nponcxoAMT 
pa3p?iA mohob c^ropa m HF 2 " c BbiAeneHMeM 
3/ieMeHrapHoro cjrropa, a Ha KaTOA© - mohob 
BOAopoAa c BbiAenenneM BOAopoAa. 
BcneACTBue nepeHanpnweHMn A/in peaKi^nn 
pa3p«Aa mohob BOAopoAa He MCKnioMaeTcn 
B03M0XH0CTb paspnAa Ha KaTOAe mohob KanMn c 
BbiAeneHkiew Kan kin n BbiAeneHMeM BOAopoAa b 
pe3yribraTe B3anMOAePiCTBHfl KanMn co 
cjDTopucTbiM BOAopoAOM. Bonee BepoflTeH 
MexaHM3M BbiAeneHun BOAopoAa Ha KaTOAe 
BcneACTBkie npucoeAMHeHun sneicrpoHa k 
MoneKyne (JrropMCToro BOAopoAa [1, crp. 65]. 

3neicrponpoBOAHOCTb pacnnaBOB npn 
MewaneiopoAHOM Hanpn>KeHMM 6onbiue 
HanpnxeHMn pa3no>KeHMn aneicrpojinTa (b 
npoi^ecce 3neKTponM3a) mjim MeHbwe 
Hanpfl)KeHM« pa3no>KeHMn sneicrponMTa 

O&bnCHneTCn MOHHOM" npOBOAHMOCTbK). 

Cooo'maeTcn, mto AnuTenbHbifi 3neKTponM3 He 
MCKjitoHaeT npOTeKaHne TOKa Mepes cj^TOpHyio 
nneftKy Huxe HanpnweHMn pa3no>KeHMn 
Tpncf)TopMAHoro pacnnaBa [1, crp. 66]. 

CoAep>KaHMe cfrropMCToro BOAopoAa b 
pacnnaBe n era rewinepaTypa Ann 

3JieKTponM3epOB pa3HblX CpMpM HeOAHHaKOBbJ. 

Hanpuwiep, Ann 3neKTponn3epa Ha 1,5 kA 
(CLUA): 37-40 Bee. %; 95-1 15°C; Ann 
3neicTponn3epa Ha 2kA cfMpMbi "XyKep"(CUJA): 
38-40 eec.%; 100-1 10°C; Ann 3neicrponM3epa Ha 
6 kA tom >Ke cpupMbi: 40-42 Bec.%, 100°C 
[1,CTp. 100-106]. 

B naTeHTe CCCP 1303037 - BaTaHa6e, 
ApiwaKM, Kma "Cnoco6 nonyMeHun cfrropa" 
(1979) npeAnaraeTcn pacnnaB c MonbHbiM 
OTHOuueHneM cfcTopwcToro BOAopoAa n cfyropnAa 
KanMn b MHTepBane 1,8-2,2 (38,2-43,1 Bec.%). 
HHTepBan nswieHeHun TeMnepaTypbi pacnnaBa 
He yxa3aH. 

B naTeHre CLUA 4602985 "YronbHbie 
sneicrpoAbi" (1986 r.) npeAnaraeTcn 
pacnnaBneHHbiPl sneiaponuT npMMepHoro 
cocTaBa KF.2HF, 6e3 yKa3aHnn HHTepsana 
coAep)KaHktn b pacnnaBe cpTopucToro BOAopoAa 
m nHTepBana TeMnepaTypbi pacnnaBa. 

B KanecTBe Han6onee 6nn3Koro aHanora 
npeAnonaraeMoro M3o6peTennn Bbi6npaeM 
naTeHT CCCP 1303037 "Cnoco6 nonyMeHun 
<t>Topa", b kotopom npeAnaraeTcn pacnnaB c 
coAepwaHneM c^TopucToro BOAopoAa b 
MHTepBane 38,2-43,1 Bec.%. 

K HeAOCT a t Ka m npuMeHneiworo Ann 
nonyMeHun cjDTopa sneicrponMTa cneAyeT 
OTHecTn: 

6onbLiine HHTepBanbi n3MeHeHnn 
coAep>KaHMn cJ)TopMCToro BOAopoAa b 
sneiaponnTe m HeonpeA neHHocTb HHTepBana 
M3MeHeHnn TeMnepaTypbi sneicrponnTa; 

- OTcyTCTBue AaHHbix no B3anMHOMy 
annnHHK) coAep>KaHnn cjDTopMCToro BOAopoAa b 
sneicrpo/iMTe m ero TeMnepaTypw Ha bwxoa 
qVropa no TOKy. 
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OTKnoHeHMe ot cTexnoMeTpnn TpM0TopnAa 
KanMn m HeAOCTaTOHHan TeMnepaTypa 
aneicrponHTa BeAeT: 

- k yBennMeHMio KonnnecTBa cTpyioypHbix 
AecfjeiaoB, hto cnoco6cTByeT nepexoAaM 

SneKTpOHOB M3 BaneHTHOPl 30Hbl B 30Hy 

npoBOAMMOCTH. PacnnaB b pe3ynbTaTe 3Toro 
Mo>KeT npno6peTaTb nonynpoBOAHMKOBbie 
CBoPlcTBa, to ecTb HeKOTopyio sneiapoHHyjo 
npoBOAHMocTb [2]; 

- k yMeHbweHwo BbixoAa QbTopa no TOKy. 
YBennHeHne TeMnepaTypbi sneiaponnTa b stom 
cnyqae cnoco6cTByeT yBenn^eHnio BbixoAa 
0Topa no TOKy, to ecTb yMeHbiueHHK) noTepb 
sneiaposHeprnn 3a cneT yMeHbiueHun 
sneicrpoHHotf npoBOAHMOCTH pacnnaBa 
sneKTponnTa, mto cornacyeTcn c noBeAenneM 
n po bo ah h ko b 1-ro poAa. 

CboActbo HeKOTopoPi sneiapoHHoPI 
npoBOAHMOCTn pacnnaBa Kucnbix c^TopnAOB 
Kanun ao HacTonLAero BpeMeHM He M3BecTHO. 

Ann npoBeA^Hkin npoi^ecca 3ne«Tponn3a 
4>Topa c npuMeHeHneM pacnnaBa sneicrponHTa, 
6nn3Koro no cocTaBy Tpncf>TopnAy Kanun, npn 
nnoTHOCTH TOKa Ha aHOA© 0,4 
A/cm 2 npeAnaraeTcn ncnonb30BaTb snein-ponuT 
c coA6p>Ka h Me m c|)TopncToro BOAopoAa b HeM B 
MHTepBane 39,2-40,4 Bec.% npn TeMnepaType 
sneicrponnTa b MHTepBane 106-1 12°C. 

RpeAnonaraeMbiM M3o6peTeHMeM peiuaeTcn 
3aAana onTMManbHoro coAepKaHun b 
sneicrponMTe cfrTopucToro BOAopoAa npM 
cooTBeTCTByioiAeR TeMnepaType, mto 
oCecneHMBaeT HaM6onbtuyio MOHHyio 
npoBOAHMOCTb m yMeHbiuaeT uinn MCKniOHaeT 
sneicrpoHHyio npoBOAMMOCTb pacnnaBa. 

nPMMEP 

CornacHo Teopnn KBa3MKpncTannMHecKOM 
MOAenn [2], pacnnaB paccMaTpMBaeTcn KaK 
KpucTannMnecKan peiueTKa, b KOTopofi 
coxpaHneTcn 6nM^HM^ nopnAOK pacnono>KeHMn 
nacTUiv npM 3TOM o6pa3yeTcn CTonbKo 
BaKaHCMM, cKonbKO cooTBeTCTByeT yBennMeHMio 
o6-beMa npM nnaBneHMM. 

H3BecTHo, mto npM nnaBneHMH KMcnbix 
cpTopMAOB KanMn o6"beM BemecTBa 
yBenviHMBaeTcn. 

B Ta6n. 1 npuBeAeHbi BennnnHbi 
sneicrpoconpoTMBneHMM TBepAoro KMcnoro 
cfcTopMAa KanMn c pa3nM4HbiM coAep>KaHMeM 
cf)TopMCToro BOAopoAa b MHTepBane 35-40 Bee. 
%. 3aMepbi npoBOAMnMCb c Mcnonb30BaHMeM 
L;M(4)poBoro OMBonbTMeTpa BK-7-35, Me^KAy 
aHOAHOM m KaTOAHOM LUMHaMM 3neKTponM3epoB c 

3aMOpO)KeH HbIM 3neKTponMTOM, npM KOMH3THO^ 

TeMnepaType, npM cHnTOM HanpnxeHMM c qenM 
3neKTpocHa6>KeHMn 3neKTponM3epoB. 
Oco6eHHOCTbio stmx 3aMepoB nBnneTcn to, mto 
ohm BbinonHnnMCb npM Mcnonb30BaHMM 
CTa6Mn M3MpOB3HHoro TOKa HanpnxeHMeM 4B, 
hto 3ano>KeHo b KOHCTpyKUMio npM6opa. 

H3 Ta6n.1 bmaho, mto 

sneKTpoconpoTMBneHMe KMcnbix c^topmaob 
KanMn b TBepAOM cocTonHMM c yMeHbiueHMeM 
coAep>KaHMn 4)TopMCToro BOAopoAa ot 40 ao 35 
Bec.% yMeHbujaeTcn Ha HecKonbKO nopnAKOB, 
npM stom KMcnbie cf)TopMAbi KanMn, 
HaxoAniAMecn b TBepAOM cocTonHMM, nepexon^T 
M3 pa3pnAa AnoneKTpMKOB b nony n po boah m km . 
yflenbHoe sneKrpoconpoTMBneHMe 
nony npo boah MKOBbix MaTepManoB M3MeHneTcn, 
KaK M3BecTHO [3, CTp.289], B MHTepBane ot 
10' 6 ao 10 8 Om/m. 

ripeAnonaraeTcn, mto b mohhom pacnnaBe b 
KaKO^-TO CTeneHM coxpaHnioTcn Te >Ke TMnbi 
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xnMUMecKoW CBH3H, KOTopwe cymecTBOBanM B 
TBepAOM KpucTan/ie. 06 stom we 
cBUAeTenbCTByiOT 6riM30CTb 3HaHeHuPi 
nnoTHOCTe^, TennoeMKOCTefl TBepAbix m 
pacnnaB/ieHHbix conetf. llpn nnaBJieHMM 
nponcxoAMT pocT Ae<feKTOB b pacnnaBneHHOM 
KpucTanne, hto cnocoocTByeT npoflBneHHK) 
nonynpoBOAHUKOBbix cboHctb pacnnaBa. 
B KanecTBe MJinfocTpaL^MM npoflBJieHUfl 

HeKOTOpO^ 3/ieKTpOHHOR npOBOAMMOCTH 

pacnnaBa Kuc/ibix cfcrropMAOB Kanufl b Ta6n.2 
npuBeAeHbi pe3y/ibTaTbi CTaTMCTMMecKofi 
o6pa6oTKM e>KeroAHbix a^hhux Hapa6oTOK 
ra3opa3AennTeribHbix kojiokojiob cepMfiHbix 
3/ieicrporin3epoB Ha otk33 no HOMepy 
3neKTpojin3epa b L^enn 3neicrpocHa6>KeHMfl 
(1 984-1 995rr. ). 3neKTponn3epbi, BKmoneHHbie 
Ha nojio>KHTejibHbiPi m OTpMi^aTenbHbjfi noniocbi 
reHepaTOpa nocTOHHHoro TOKa, npoHyMepoBaHbi 
b nopflAKe B03pacTaHM« noTeHi^nana (no 
a6coriK>THOM BeriMHMHe). 

CTaTMCTMHecKa?? o6pa6oTKa npoBOAMnacb no 
MeTOAy paspbiBHotf HeriMHeMHo^ perpeccnn k 
nMHefiHofi perpeccnn. Hcnonb30BaHMe 
nMHefiHotf perpeccuM nano cnaoyio KoppenflijMK) 
(K03cf)cf)m4neHT Koppenwi^MM 0,22), b to BpeMH 

K3K MeTOAOM HeJlUHefiHOpi pa3pbiBHO^ 

perpecxinn nonyneHbi ypaBHeHMH perpeccuM 
HOMepa 3neKTponn3epa b nenu 
3JieKrpocHa6^<eHnyi no Hapa6orKe KonoKona Ha 

OTK33 C K03Cj>Cj)klLUieHTaMM Koppenfli4MM AO 0,99. 

Ka>KAoe ypaBHeHMe orpaHUHeHO HoiwepoM 
sneicrponi/iaepa, Ha kotopom npoucxoAUT 
pa3pbiB perpeccnn. rpaHMMHbie HapaooTKM 

KOJIOKOJIOB Ha OTK33 no 3fieKTpOXHMHMeCKOtl 
KOPP03MM OTflMMatOTCfl Ha 9 TbIC. M, npM 

cpeAHeroAOBOM Hapa6oTKe 6-7 Tbic. h. 

ripn stom c yBennneHneM HOMepa 
3JieKTponM3epa b qenn sn e kt poch a6x<e h m h 
Hapa6oTKa KonoKona Ha otk33 mo>kst nMHeMHo 
yBenimnBaTbcy? nnn yMenbiuaTbCfl b npeAenax 
onpeAeneHHbix HOMepoB 3neKTponn3epoB. 

M3 Ta6n. 2 bmaho, mto no Mepe yMeHbweHMH 
CMftbi TOKa Ha 3/ieKTponn3epax npoMcxoAMno 
yBennneHMe yAenbHoro pacxoAa 

3JieKTp03HeprVIM, MTO MOmO 6blTb CBfl3aHO c 

paooTofi 3neKTponn3epoB c ManbiM 
coAep>KaHneM <£TopMCToro BOAopoAa b 
sneicrponnTe. 

fle^cTBMTeribHO, b paccMaTpMBaeMbifi 
nepnoA. BpsMeHM cpeAHeroAOBaa Aona 
aHannsoB sneKTponnTa c peayrtbTaTOM MeHbiue 
37% yBennMUBanacb m AocTuma k 1992 r. 50%, 
a Ha OTAenbHbix 3neKTponn3epax 70%. 
ycTaHOBJieHO, mto c yBennMeHMeM Aonu 
aHannsoB sneiaponnTa c pe3ynbTaTOM MeHbiue 
37% b o6m,eM KonnnecTBe aHann30B (b 
Me>KpeMOHTHyK} Hapa6oTKy 3neKTponw3epa) 
Hapa6oTKa KonoKona Ha OTKas no npunuHe ero 
sneKTpoxuMUMecKO^ KopposuM yMeHbiuaeTCfl. 
YMeHbiLieHne yAenbHoro pacxoAa 

3neKTpo3Heprnn b 1993 r. mokho oS'bflCHMTb 
yBennMeHneM BbinycKa c^Topa, a nocneAyiomee 
yBennneHMe 3Toro noKa3aTen« - yMeHbujeHneivi 
BbinycKa cfcTopa ki yBennneHneM aohh noTepb b 
o6iAeM pacxoAe sjieicrposHepmu. 

ct>M3HHecKM« CMbicn ypaBHeHMii perpeccnn 
(Ta6n.2) MO)KeT cocTonTb b omgbhahom 

npOflBfieHMH npOTeKTOpHO^ 3ail^HTbJ kojiokojiob 

OAHoro M3 3JieKTponn3epoB, OTBeMaK)ii\eMy 
HOMepy TOMKki neperu6a, no oTHomeHHK) k 
KonoKOJiaM 3JieKTporiM3epoB c HOMepaMU b 
y6bJBaK)ii^e^ hjim B03pacTaioineM 

nocneAOBaTenbHOCTM. 

3neKTponn3epoM-npoTeKTopoM MoryT 6biTb m 



3JieKTponn3epbi b Ha^ane mjim KOHi^e L^enn 
3JieKTpocHa6>KeHH5i. fle^CTBue npoTeicropHofi 

3ail^HTbl, KaK H3BeCTHO, OCHOBaHO Ha pa3HOCTH 

noTeHL^nanoB aKTMBHoro (pacTBopfliou^erocn) m 
naccMBHoro (3au4Mina Moro) ynacTKOB 

5 noBepxHOCTM MeTaJina, norpy>KeHHoro b 
sjieicrpojiHT. npn stom o6a yqacTKa 
noBepxHOCTM sneKTpuMecKH coeAMHeHbi 
nocpeACTBOM npoBOAHMKa 1-ro poAa (MeTan/i) n 
2-ro poAa (Mepe3 sneKTponuT BcneACTBue 

1Q uioHHofl npoBOAHMOCTn). OAHaKo KonoKona APyr 
ot Apyra sneicrpuHecKH M30Jinpo8aHbi Aa>Ke b 
npeAenax OAHoro sneicrponnaepa. OcTaeTCfl 
npeAnonaraTb, hto ohm sneicrptmecKH cBfl3aHbi 
Mepe3 3neKTponnT, KOTopbiM Mo>KeT o6naAaTb 

KaK MOHHOtt, T3K H HeKOTOpOM SneKTpOHHOfi 
15 npOBOAHMOCTbK). 

KonoKon-npoTeKTop, noTeHquan KOTOporo no 

OTHOLUeHMK) K SneKTpOnHTy - HaHMeHbtUHfl M3 

Bcex KonoKonoB sneicrponnsepoB, BKniOHeHHbix 
b sneKTpunecKyK) qenb, MoweT no^BMTbCfl b 
pe3ynbTaTe yMeHbiueHMfl 

20 sneiapoconpoTUBneHMfl Ha ynacTKe Kopnyc - 
"3eMn«" ao KpnTHMecKnx 3HaMeHnK, npM KOTOpblX 
nponcxoAUT yMeHbiueHne noreHquana KonoKona 
no OTHOLUeHMK) k sjieicrponnTy. 

B TaKOM cnynae Hapa6oTKa KonoKonoB Ha 
OTKa3 no sneicrpoxuMnnecKovi Koppo3nn Aon>KHa 

25 yMeHbiuaTbCfl c yMeHbtueHneM 

sneKTpoconpoTMBneHMfl Ha ynacTKe Kopnyc - 
"3eMnfl". 

fln« npoBepKH 3Toro npeAnonoKeHun 
npoBOAnnncb 3aMepw snefcrpoconpoTUBneHUfl 

3Q Ha ynacTKe cepufiHbix 3neKrponn3epoB Kopnyc - 
M 3eMnfl ,, . B Ta6n.3 npuBeAeHbi pe3ynbTaTbi stmx 
3aMepoB; TaM >Ke npuBeAeHbi Hapa6oTKH 
3neKTponn3epoB Ha OTKaa KonoKonoB no 
sneicrpoxkiMUMecKotf Koppo3MM An« Tex xe 
3neKTponn3epoB, Ha kotopwx npoBOAnnncb 

35 3aMepw. 

Pe3yjibTaTbt SKcnnyaTauuM CT3-20, 
nonyMeHHbie b 1993-1997 rr., npuBeAeHHbie b 
Ta6n.3, crpynnnpoBaHbi no MaKCMManbHbiM, 

MUHUManbHblM M npOMe)KyTOHHblM 3HaMeHM«M 

conpoTUBneHUfl aneKTponsonfli^nn. M3 Ta6n. 3 

40 BMAHO, MTO npM COnpOTMBneHMM 

3neKTDOM3on«i4MM ( OonbtueM 1 MOm, HapaooTKa 
KonoKona Ha otk33 M3MeHfleTC« b MHTepBane 
44781-144474 kA-h, a npM conpoTManeHMM 
3neKTpoM3onflL\MM, MeHbiueM 1MOm, - B 
MHTepBane 43117-77373 kA-m. 
45 Othocm Ten b ho Manwe Hapa6oTKM KonoKonoB 
Ha 3neKTponM3epax c OTHOCMTenbHO 6onbiuMMM 

COnpOTMBneHMAMM 3neKTpOM30nfll^MM MOKHO 

06-bflCHMTb BnM«HMeM Manoro coAep>KaHMfl 
cfrTopMCToro BOAopoAa b sneicrponMTe (MeHbiue 
50 37 Bec.%) b Te^eHMe npoAon>KMTenbHoro 
BpeM8HM 3KcnnyaTaL|nn 3neKTponM3epoB. 

YcTaHOBneHO, mto Hapa6oTKa KonoKona Ha 

OTK33 B3aMMOCB513aHa C n pOAOn)KMTen bHOCTbK) 

pa6oTbi sneicrponnaepa npM C0Aep>KaHMM 
c})TopMCToro BOAopoAa b sneiaponMTe MeHbiue 

55 37 Bec.% m HapaooTKOM 3hoaob ypaBHeHMeM 
perpeccMM: 

K = 90,8346 - 4,5394 # H 1/2 - 64,7578/M, 
rAe K - Hapa6oTKa 3neKTponM3epa Ha otk33 
KonoKona, MnH. A-h; MHTepBan 43,8-105; H - 
Aonn pe3ynbTaTOB aHanM3a sneiaponnTa Ha 

60 coAep>KaHMe HF, MeHbLUMx 37 Bec.%; MHTepBan 
2-47%; M-Hapa6oTKa aHOAOB, Tbic. h; MHTepBan 

2-47 TbIC. M. 

KO30C()ML;MeHT KoppenflL^MM 0,6. 
OTHOCMTenbHO yMepeHHyK) Koppenfli4MK) mo>kho 

o6"bHCHMTb HeAOCTaTOHHbIM KOnMMeCTBOM 

aHann30B aneicrponHTa. 
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TeM He MeHee nonyneHHoe ypaBHeHne 
perpeccnn BnonHe cornacyeTca c MHoroneTHMM 
onbiroM 3Kcn/iyaTaL^nn qtrropHbix 

axieiapo/inaepoB. 

M3 nojiyneHHoro ypaBHeHMfl perpeccnn 
cjieAyeT, hto npw H = 0 m Hapa6oTKe aHOAOB 
oonbwe 1 0 Tbic.M Hapa6oTKa KonoKona Ha otk33 
no 3/ieKTpoxi/iMi/wecKotf Koppo3wn AocrnraeT 
MaKCMMywa 85-90 mjih. A-h. ripn H = 47% 
HapaooTKa KonoKona yMeHbiuaeTCfl ao 60 mjih. 
A-m, to ecTb Ha 30%. npn H = 0 n M = 2 Tbic. 
h Hapa6oTKa KonoKona mo>k©t 6biTb Bcero 30 
mjih. A-h. 

BnnflHMe HapaSoTKn aHOAOB cymecTBeHHO 
npM mx nepBOM ncnonb30BaHUU BoneACTBue 
GonbLuero nycKOBoro nepnoAa n o6pa30BaHHfl 
6o/ibLuero KonnnecTBa yronbHOfi nbuin b 
cpaBHennn c TeMM >Ke noKa3aTenflMn Ana 
3JieKTponn3epoB, yKOMnneKTOBaHHbix aHOAaMM, 

6blBLLIHMM B ynOTpe6jieHHW, UriM HHblX npMHMH. 
CnOKHOCTb B3aMMOCBfl3M Hapa6oTKn 

CTa/ibHoro KonoKona Ha OTK33, conpo™sneHneM 
3Jieiapon3onnMMn, coA©P*<aHMeM Q>TopncToro 
BOAopoAa b 3/ieKTpojiMTe ooycnoBneHa euje h 
TeM, mto HapaooTKa KonoKona Ha otk33 
KoppennpyeTCfl (c K03c£>Qbni4neHTaMn 
KoppenflL\MH ao 0,99) c nopaAKOBbiM HOMepoM 
3neiaponM3epa OTHOcuTenbHO nonioca 
reHepaTopa, to ecTb c noTeHunanoM 
sneKTponnsepa OTHOCMTeribHo "seMnn", o newi 
roBopunocb Bbiuje. 

OTMeMeHHbie B3aklMOCBfl3M MO>KHO 
o6"bflCHMTb HaJlHHHeM CMeLUaHHOM 

nposoAHMOCTn sneKTponnTa h b stom cnynae 
bwxoa o>Topa no TOKy MO>xeT saBuceTb ot 
coAepwaHHfl qtrropMCToro BOAopoAa b 
aneKTponnTe m ero TeMnepaTypbi. 

B Ta6n. 4 npuBeAeHbi pe3ynbTaTbi 
onpeAeneHUfl BbixoAa o>Topa no TOKy Ha 
4>TopHbix 3neKTponn3epax pa3Hbix KOHCTpyiojMfl, 
paSoTaioiAMX npn nnoTHOCTflx TOKa Ha aHOAe 0,2 
win 0,4 A/cm 2 . 

H3 Ta6n.4 cneAyeT, mto b 
onbiTHo-npoMbiLuneHHOM 3neKTponM3ep 1 Ha 20 
kA, c BepxHUM bboaom aHOAOB, pa6oTaBiuero c 
nnoTHocTbio TOKa Ha anoAe 0,4 A/cm 2 , 
MaKCMMaribHbie 3HaneHuq BbtxoAa c|DTopa no 
TOKy 98-100% cooTBeTCTByeT HHTepBany 
coA©P>KaHHH cfcrropMCToro BOAopoAa b 
sneiapoxiMTe 39,4-40,3 Bec.% n MHTepBany 
TeMnepaTypbi sneicrponMTa 107-1 12°C, a 
MMHHManbHbie 3HaneHnn BbixoAa <J>Topa no TOKy 
91-93 Bec.% oTBeMajoT MHTepBa/ibi cc-AepwaHMH 
c(rropncToro BOAopoAa b aneKTpojiMTe: 38,4-39% 
m TeMnepaTypbi sneicrponnTa 110-112°C. 

B onbiTHo-npoMbiiuneHHOM sneicrponnsepe 
2, aHanornHHOM no KOHCTpyKi4nn sneicrponHsepy 
1 , MaKCMMa/ibHbie 3HaHeHM« BbixoAa cjDTopa no 
TOKy 95-96% OTBenaioT MHTepBany coAepwaHMfl 
cf)TopncToro BOAopoAa b sneicrponMTe 39,7-40,4 
Bec.% n MHTepBany TeMnepaTypbi sneicrponnTa 
107-1 14°C, a Mi/iHHMajibHOMy 3HaneHMio BbixoAa 
cf)Topa no TOKy 93% OTBenatoT HHTepBanbi 
coAep>KaHHfl 0TopncToro BOAopoAa b 
sneiapo/iMTe 39,3-39,5 Bec.% n TeMnepaTypbi 
sneicrpo/iMTa 107-110°C. 

B 3neKTponn3epe 3 c 6oKOBbiM bboaom 
aHOAOB Ha 2 kA, pa6oTaK>meM c nnoTHocTbio 
TOKa 0,4 A/cm 2 , npn co Ae p>Ka huh qbTopMCToro 
BOAopoAa b sneKTponnTe b MHTepBane 39-41 
Bee. % BbixoA cfyropa no TOKy yBennnnBaeTCfl ot 
86-92 ao 95-96 Bec.% c yBennn HneM 
TeMnepaTypbi sneicrponnTa ot 100-108 ao 
113-118°C. 
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V\z nonyneHHbix AaHHbix cneAyioT 
onTMMaribHbie napaMeTpbi paooTbi 

3neKTponn3epa c nnoTHocTbio TOKa Ha aHOAe 0,4 
A/cm 2 : coAepxaHne 4>TOpncToro BOAopoAa b 
sneicrpo/iMTe 39,2-40,4 Bec.% m TeMnepaTypa 
3/ieKrponnTa b um-epBane 106-1 12°C. 

B CT3-20 c yBe/iMHeHneM coAepxaHnn 
cf)TopviCToro BOAopoAa b sneKTponnTe ot 37,3 
AO 40 Bec.%, b MHTepBane n3MeHeHMA 
TeMnepaTypbi sneicrponnTa 94-1 20°C BbixoA 
cpTopa no TOKy MO>KeT yBennnnBaTbca ot 86 ao 
99%. 

One b hah o Han mm we perpeccMM BbixoAa 
c{5Topa no TOKy c TeMnepaTypofi sneicrponnTa m 
COA©P>KaHMeM b HeM 4>TopncToro BOAopoAa. 

YBennMeHMe KOHi4eHTpai4H^ hohob >Kenesa m 
MeA^ b sneiaponMTe cnocoGcTByeT npoTeKaHMK) 
npoL^ecca OKMcneH^fl-BoccTaHOBneHMfl mohob 
>Kene3a m MeAn. npM coA©P>KaHMM npMMecM 
>Kene3a b sneicrponMTe 6onee 0,6 sec.% BbixoA 
0Topa no TOKy yMeHbtuaeTC* m npou^ecc 
OKMcneHMfl-BoccTaHOBneHMfl hohob >Kene3a 
MO>KeT KOHKypnpoBaTb c sneKTDOHHOfl 
npoBOAnMOCTbio. B stom cnynae BbixoA qbTopa 
no TOKy Mo>KeT He saBMceTb ot TeMnepaTypu 
sneiaponMTa m coAepxaHMn b HeM cpTopMCToro 
BOAopoAa kinM saBuceTb He b TaKoPi CTeneHM, 
KaK npw ncnonb30BaHMn Hncroro sneiorponviTa. 

YMeHbUjeHMio BbixoAa cfyropa no TOKy 
cnocoocTByiOT AeqbeKTbi aHOAOB npM KOHTaicre 
sneKTponMTa c MeAHbiM TOKonoABOA^ imm m 
ujtokom. Ero pacTBopeHMe BeAeT k HaKonneHMio 
mohob Me am b pacnnaBe, KOTopwe yqacTByiOT b 
nepeHoce TOKa. 

LUnpOKOMy npMMeHeHMio sneiaponMTa b 
yKa3aHHbix MHTepBanax TeMnepaTypbi m 
coAep>KaHMfl 0TopMCToro BOAopoAa b 
sneKTponMTe npM 3neKTponn3e cpTopa 
npen^TCTByeT HeAocraTOHHa* cTOMKocrb aHOAOB 
m HaKonneHMe npuMeceft >Kene3a m Me ah b 
sneKTponMTe. flnfl MCK/iioHeHM« stmx 
He6naronpnflTHbix qbaKropoB Heo6xoAHMO 
npnMeH«Tb aHOAbi ynyMiueHHoro KanectBa no 
naTeHTy P<t> 2118995 c npMopMTeTOM ot 
01.07.96 "Ahoa qtrropHoro 

cpeAHeTeMnepaTypHoro 3neKTponn3epa n . 

B KaMecTBe MaTepMana 

ra3opa3AenMTenbHoro KonoKona peKOMeHAyeTCJi 
aHOAHo-3au4HU4eHHbiPi MarHneBO-aniOMktHMeBbifi 
cnnaB, Hapa6oTKa KOToporo coM3MepnMa c 
HapaGoTKofl aHOAOB ao oTKa3a ynyniueHHoro 
KaMecTBa (ao 50 Tbic. h). 

npeAnaraeMbiK cnoco6 nonyMeHMfl cpTopa 
MoweT 6biTb McnonbsoBaH bo o>TopHbix 
3neKTponM3epax 6MnonapHoro TMna, c 
npMHyAMTenbHoR u,m pKy nfli^neM sneicrponnTa [1 , 

CTp. 94] , KOHCTpyKl^Mfl KOTOpblX MO>KBT 

o6ecneMMTb oxna>KAeHMe m Hacbiu4eHMe 
TpM0TopMAHoro pacnnaBa b oTAenbHOM 
annapaTe. 
JlMTepaTypa 

1. H.n.ranKMH, A.B.KpyTMKOB. TexHonornn 
cfcTopa. M.: ATOMH3AaT, 1960 r. 

2. KX K.flenMMapcKMi^. Teo peT m m ecKM e 
ocHOBbi 3neKTponn3a mohhwx paennaBos. M., 
1986, crp. 39-41, 183-187. 

A.H.XapMH, H.A.KaTaeBa, Jl.T.XapMHa. Kypc 
xhmmh. M., crp. 287-295. 

c|>opMyna M3o6peTeHMH: 

Cnoco© nonyMeHM« 4>Topa nyTeM 
3neKTponM3a Ha yronbHOM aHOAe M3 pacnnaBa 
Tpn0TopMAa Kannn, 0TnMMaK)iun^cfl TeM, hto 
3neKTponM3 BeAyT c nnoTHocTbio TOKa Ha aHOAe 
0,4 A/cm 2 npM co Ae p>Ka h m n qbTopncToro 
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BOflopoAa b oneKTponnTe 39,2-40,4 Bec.% n 



TeMnepaType aneiaponnTa 106-1 12°C. 
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Tafrmma 1 

Pe3yjibTan>i 3aMepOB sjieKTpoconpoTHBJieHHH Ha ynacTKax aHOfl-icaTOfl, Kopnyc-"3eMJiH"cepHHHbix 
CT3-20 c TBepflbiM (npn 1 8°C) e pacnjiaBjieHHMM (npa 100°C) sjieicrpojiHTOM 



CT3-20 


ConpoTHBJieHHe, kOm, 

TB6p^0r0 3JieKTpOJIHTa 

npH 1 8°C Ha yMacncax 
CT3 


Coaepaca- 

HHC HF 
B 3JieK- 
TpOJlHTe, 


ConpoTHBJieHHe pacruiaBa 
sjieicrpojiHTa npn 100°C, 
kOm, Ha yHacreax CT3 


Co- 
Aep- 

HFb 




A "HfA TT- 

KSLTOJS, 


KVkTlTTVr*- 

Jt<iVLJlyl 


Bee. % 


\ tj /-\ j-f T/OTA1T 


xvopnyc- 

JCMJIM 


3JieKT- 

TP 

sec % 














21 


0,43 


5 0 


36,6 


8 19 10 3 


14 6 


36,6 


26 


0,61 


9 3 


37,1 






37 1 


28 


0,39 


4,6 


36,6 


8,82' 10 3 


4 6 


36 6 


30 


0,41 


8,7 


36,6 , 


9,2 10 3 
2,99 10 3 


16 9 
13,7 


37 2 

37 2 1 


3o 


0,oo 


1,4 10 


35,2 


4,68' 10 3 


8,1 


37,2 




0,41 


16,4 


1H A 

36,0 


8,59 10 3 


11,5 


36,7 


no 


4,0 10 


5,0 10 


37,7 


2,99 10 J 


10,7 


36,7 


jU 


A aa i 
0,001 


0,6 10 


36,4 


1,49 10 3 


2,56 10 3 


37,2 


C 1 

J 1 


0,001 


0,6 l(r 


36,5 


! 0,1 


1,02 10 3 


36,4 




0,00 1 


0,6 10 


36,5 


1,7 10 3 


0,76 


37,4 


D3 


/,oo 1U 


1 ,U 1U 


39,0 ! 










3,11 10 3 


3,11 10 3 


39,0 










7,3 10 3 


12,0 10 3 


39,0 








So 


7,79 10 3 


0,8 10 3 


39,0 








j / 


0,39 


0,5 10 3 


jO,o 








58 


0,34 


13,48 10 3 


36,8 








60 


7,57 10 3 


5,35 10 3 


36,6 








61 


0,4 


4,1 10 3 


36,6 








62 


0,42 


4,0 10 3 


37,0 








64 


7.48 10 3 


9,0 


38,8 I 








67 


2,3 10 3 


2,0 10 3 


37,7 








68 


4,0 10 3 


1,5 10 3 


39,4 
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TaSxiHija 2 

Pe3yjiLTaTbi CTaracTHHecKOH o6pa6oTKH no ypaBHemiio perpeccHH HOMepa 3JieKTpo;iH3epa "N" no 
HapaSoTKe KOnoKOJia Ha OTKa3 "n" N=a+b.n(N<=N*)+c+d.n(N>N*). ripn N<=N* c=0; d=0. FEpn 
N>N* a=0, b=0. 



To- 


riojnoc 




BejimiHHbi 




K03- 


OTHOCHTeJIbH- 


Kojih- 


JXbl 


reHepa- 
Topa 












4>(J>H- 

eHT 

KOp- 


yjsejiBHbift 
pacxofl 

3JieKTpO- 


HeCTBO 
3JieKT- 
POJIH- 

3epoB, 
















<x 


b 


c 


d 


XT* 

IN 


UHH 


3Hepran, %, 
cHJia TOKa, 
kA 


EHII 


1984 


MHHyc 


18 


-0,16 


27 


0,08 


22 


0,83 


- 


22 




njrioc 


6 


1,17 


53 


3,9 


17 


0,95 




11 


1987 


MHHyc 


5 


0,19 


21 


-0,4 


13 


0,88 


91,3/15,53 


19 




njuoc 


11 


-0,21 


24 


0,25 


17 


0,85 




26 


1988 


MHHyc 
njiioc 


-1,3 
15 


1,32 
0,24 


15 
1 


1,3 
0,44 


17 
11 


0,9 
0,92 


90,2/15,24 


29 
12 


1989 


MHHyc 


4 


0,42 


29 


-0,7 


15 


0,85 


98/15,17 


30 




njuoc 


5 


0,32 j 


27 


-0,57 


15 


0,85 




17 


1990 


MHHyc 


11 


-0,44 


19 


0,8 


17 


0,88 


93,3/13,15 


23 




njiioc 


-10 


2,25 


9 


1,28 


13 


0,93 




14 


1991 


MHHyc 


19 


-1,1 


34 


-1,1 


18 


0,87 


94,5/13,14 


21 




n;noc 


24 


-2,6 


26 


-0,92 


13 


0,91 




13 


1992 


MHHyc 


20 


-1,75 


35 


-1,42 


19 


0,95 


100/11,69 


19 




nmoc 


3 


0,84 


19 


0,05 


15 


0,9 




15 


1993 


MHHyc 


5 


0,11 


25 


-0,52 


14 


0,91 


92,9/12,09 


13 




njnoc 


-4 


1,16 


22 


-1,22 


8 


0,99 




7 


1994 


MHHyc 


5 


0,97 


80 


-9,4 


19 


0,81 


95,7/11,56 


8 




njuoc 


2 


1,1 


31 


-2,0 


15 


0,96 




7 


1995 


MHHyc 


-1 


1,6 


27 


0,08 


19 


0,95 


104,1/10,53 


12 




nmoc 


-3 


0,98 


1 


2,1 


6 


0,98 
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Ta6jiHi|a 3 

Pe3yjitTa™ 3a\iepoB conporaBJieHiw aJiexTporooji^HH Ha ynacnce Kopnyc CT3-20 -"3eMJw", 
cpoK cji>')k6ej h Hapa6oTKa 3Jieicrpo.riH3epoB Ha onca3 Konoicojia 



JiH3eoa 


U> LXL 13 \J JJ^ CX O 


1^ l"\ Tf n 4"\T U"D 

V>UiipOT41B- 
JlCxlJdC JJICK- 

kOm 


IVlc^KpeMO HT- 

HblH CpOK 

Wiy>KvJbI 

J J ICR. 1 pUUlM- 


Hapa6onca KOiiOKOJia Ha 
onca3 


Mac OB 




41 


21.10.97 


4000-11000 


41070 


11078 


1 AAA1A 


48 


05.10.94 


9000-1 0400 


10096 


0140 

^ 1*T7 


1 U777 1 


58 




6000-10000 

WV/v 1 V/ \J \J\J 




1 1701 


1 1R7SS 


25 


12.10.93 


4500 


941 SO 


1 0478 


1 98847 


18 




5500 


18979 


7484 
/ tot 


OtJJO 


52 


16.05.94 


1600-2000 


99788 


0860 

700U 




39 


05.10.93 


1 100-1300 


1S479 


12976 


1 i£QS£ 

1JD7JO 














68 


23.04.95 


900-6000 


99010 
zzis o y 




ASA'!"* 


23 


16.05.94 


3000-5000 


18060 


SOI 0 


/ 1 LT7U 


66 


08 06 93 


4000-5000 


19011 
i zuj 


S410 


Ojj IZ 


36 


09 06 93 


4700-4800 

*T / UV"7 O \J\J 


1007S 


18S4 
















45 


28.1 1.93 


1 500-1600 


14008 


S641 

Jut 1 


6£Q1 1 

D07 1 J 


31 


24.09.94 


1 200-1 S00 


94641 


61 SO 

UIJ7 


744^7 


42 


13 11 93 


1 700-9000 


1 4481 


SS40 


DJO /z 














47 


16.03.93 


720-1080 


90804 


5905 


70387 i 


40 


16 08 93 


soo 


1 9S0S 


4191 


48862 


69 


22.04.94 


700-1 ISO 


1 ££99 


6310 


74004 


17 


20.04.95 


650- 800 


14935 


5831 


66857 


24 


11.03.95 


500- 850 


12172 


3687 


43117 


64 


11.07.94 


200 


16592 


6668 


77373 


30 


04.08.93 


100- 700 


21257 


6575 


75249 


20 


10.07.93 


24 




5492 


66319 


26 


22.08.93 


2,1-2.3 


14027 


5110 


61061 


62 


21.10.93 


1,0-1,5 


13133 


5185 


61346 


65 


26.10.93 


0,17-0,22 


11489 


4878 


56472 
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Ta6jiHua 4 

Pe3yjiBTaTbi onpeaejieHHfl BBixoaa $Topa no TOKy b 3aBHCHMocTH ot TeMnepaxypbi 3JieicrponHTa h 
coaepMcaHHfl: b hSm <pTopHCToro BOflopoaa 



TeMnepaiypa 

3JieKTpOJIMTa, 

°C 


ConepacaHHe 

HF B 3JieKTpO- 
JIHT6, .% BeC. 


Bhixqa 4>TOpa 
no TOKy,% 


TeMneparypa 

3JieKTpOJlHTa, 

°C 


CoflepacaHHe 
HF b 3JieKTpo- 
jiHTe, % Bee. 


BbixOA 
(pTopa 
no TOKy, 
% 


3xieKTpojiH3ep J 
Ha 20 kA, fl a =0. 


V2 1 C BepXHHM BBOflOM aHOflOB 

,4A/cm 2 , 11.07.80-23.05.81 


3jieKTpojiH3ep . 
ano^oB Ha 20 10 
26.07.78-02.02. 


Ne 2 c BepxHHM bbo«om 

\, 0,4A/cm 2 . 

79 


106 


38,7 


95 


1 18 


38,7 


94 


1 10 


38,7 


93 


107 


39,5 


93 


112 


38,4 


93 


110 


39,3 


93 


107 


39,4 


98 


110 


39,9 


94 


110 


39,0 


91 


114 


39,7 


96 


108 


39,7 


98 


114 


39,8 


96 


108 


39,7 


98 


107 


40,4 


96 


110 


39,5 


98 


112 


40,0 


95 | 


112 


39,7 


98 


112 


40,2 


96 


110 


40,3 


100 


114 


40,3 


95 ! 


3jieKTpojiH3gp Ne 3 c 6okobmm bboaom aHOAOB, 
Ha 2 kA, JEt.-0.4A/cM 2 , 1974-75rr. 


CT3-20; 1974-76rr. 


100 


39-41 


92 


94 


37,3 


86 


103 


To ace 


92 


108 


37,4 


92 


103 


it 


86 


100 


38,3 


89 


103 


it 


92 


107 


38,2 


91 


104 


it 


88 


112 


38,7 


97 


108 


it 
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